Background: Fecal polymerase chain reaction (PCR) testing for Tritrichomonas foetus is considered the most sensitive means for diagnosis of infection but results could be influenced by fecal collection technique and prior use of antimicrobial drugs. Objectives: To establish any association between fecal collection technique or treatment history and results of fecal PCR testing for T. foetus. Methods: This study used a retrospective analysis. T. foetus PCR test results from 1808 fecal samples submitted for diagnostic testing were examined for their association with method of fecal collection and prior antimicrobial treatments. Data were collected from sample submission form. Results: Positive T. foetus PCR test results were obtained for 274 (16%) cats. Fecal samples collected via fecal loop had increased probability of positive PCR test results (odds ratio [OR] 2.04, 95% confidence interval [CI] 1.31-3.17, P = .002) compared to samples collected by colonic flush. There was no association between PCR test results and treatment history, treatment type, or prior treatment with ronidazole. After an initial positive PCR test, 4/19 (21%; 95% CI 2.7%-39.4%) cats treated with ronidazole had a second positive test result. Conclusions and Clinical Importance: Results of this study support that fecal samples collected by loop might be better for PCR diagnosis of T. foetus infection. Lack of association of ronidazole with PCR test results and a 21% all-potential-causes failure rate of ronidazole in cats with preconfirmed infection are important limitations to use of this drug.
| INTRODUCTION
Tritrichomonas foetus is a common cause of chronic large-bowel diarrhea in cats. 1, 2 Over the past 15 years, numerous risk factors for infection have been identified, but definitive diagnosis and treatment of the infection remain challenging. [2] [3] [4] Polymerase chain reaction (PCR) testing for the presence of T. foetus rDNA in feces is considered to be the most sensitive means for diagnosis of T. foetus infection in cats. 2, 5 Nevertheless, PCR test results are suspected to be influenced by fecal collection technique and recent administration of antimicrobial medications. 6, 7 Current recommendations, based on anecdote, 7 state that the colonic flush technique is the optimal fecal sample collection method and yields diagnostically superior results compared to voided or loop-collected fecal samples. Likewise, recent administration of antimicrobial drugs is suspected to decrease the sensitivity of PCR either indirectly or directly by reducing the number of T. foetus organisms. [8] [9] [10] [11] [12] [13] [14] The influence of treatment history and specific type of treatment on T. foetus PCR test results has yet to be examined. Based on studies conducted in experimentally infected cats, ronidazole is the only medication effective in eliminating T. foetus infection, 15 but clinical outcome is unclear in cats with naturally occurring T. foetus infection. [16] [17] [18] [19] Treatment failure with ronidazole is suspected to be common but the incidence of this is largely unknown. 20 Without determination of the impact of fecal collection condi- [8] [9] [10] [11] [12] French red rubber catheter through the anus and instilling approximately 10 mL of saline into the proximal colon. The resulting fecal slurry is aspirated back into the syringe and allowed to sediment or is centrifuged, before discarding the saline supernatant. 7 Samples were requested to be at least lima bean-sized, free of litter or other debris, and shipped in isopropyl alcohol at room temperature.
| Data gathering
Each fecal sample was accompanied by a submission form. When reported on the submission form, information gathered included the cat's age, breed, sex, and neuter status, whether the cat was from a single-or multiple-cat household, method of fecal sample collection (voided, fecal loop, or colon flush), and prior treatments administered.
The submission form did not request specific information regarding prior treatments such as recency of administration, dose, frequency, or duration. Age was categorized on the basis of life stage 21 
| DNA extraction and PCR amplification
Upon arrival to the NCSU IPRL, fecal samples were stored for less than 1 week at 4 C before DNA extraction. DNA was extracted from 100 mg of feces by using a previously validated commercial kit (ZR Fecal DNA Kit, Zymo Research, Orange, California). 22 All DNA extracts underwent single-tube nested PCR amplification of 347 and 208 base pair (bp) fragments of the internal transcribed spacer (ITS) region 1, 5.8S, and ITS 2 ribosomal RNA gene by using T. foetusspecific primers as previously described. 5, 22 Reactions generating amplicons that only appeared to be 208 bp in size after gel electrophoresis were digested with the ApoI restriction enzyme (New England Biolabs, Beverly, Massachusetts) at 50 C for 90 minutes. Gel electrophoresis was performed with 10 μL of each digest loaded into 
| Data analysis
Data were examined by using standard descriptive statistics and reported as mean, median, and range where applicable. Age, sex (including neuter status), breed, method of fecal sample collection (void, loop, or saline flush), housing density (single cat versus multiple cats), and type of treatment administered (none, anthelmintic, probiotic, steroid, systemic antibiotic, tylosin, albon or ponazuril, metronidazole, or ronidazole) were considered as variables. A logistic regression model was fit to determine the effect of the various risk factors on incidence of positive T. foetus PCR test results by using backward selection with the Akaike information criteria to reduce the model from an initial containing age, breed, sex, housing density, and the collection method for the sample. Breeds with fewer than 30 cats were combined to an "other" category which was used as the baseline for breed. Domestic breeds were combined into a single "domestic" category. In order to examine the effectiveness of the treatments administered, a logistic regression model was fit with indicator variables for each type of treatment administered with lack of treatment serving as the baseline and intercept for the model. Confidence intervals (CIs) were constructed for 95% confidence. These analyses were performed by R (version 3.6.1; Foundation for Statistical Computing). 
| RESULTS

| Geographic location and housing density
| Signalment
Age was reported for 1555 (91%) of the 1717 individual cats in this population. The mean and median ages of cats were 3.2 years and 1 year, respectively (range: 9 months to 24 years). Sex and neuter status were reported for 1641 (95%) of the 1717 individual cats ( 
| Reason for sample submission
| Fecal sample collection method
The method of fecal sample collection was reported for 1016 (59%) of the 1717 individual cats. Samples were collected after voiding from (8), Balinese (7), Exotic shorthair (7), Tonkinese (7), Birman (6), Egyptian Mau (6), Russian Blue (6), Scottish Fold (6), Ocicat (5), Oriental shorthair (5), Manx (4), Somali (4), Japanese Bobtail (3) 
| Impact of reported prior treatment
A treatment history was provided for 571 (33%) of the 1717 individual cats in the study. Treatments were divided into the following categories: metronidazole, anthelmintics, ronidazole, probiotics, albon or ponazuril, steroids, systemic antibiotics, tylosin, and no treatment.
There was no significant association between PCR test results for T. foetus and prior administration of any treatment, any individual treatment category, or lack of prior treatment ( Table 4 ).
| Repeat testing
Of the 87 cats that had repeat PCR testing performed, 54 cats (62%) had a negative result for all tests, 3 cats (3%) were negative initially and positive on subsequent testing, 8 cats (9%) were positive on all tests, 21 cats (24%) tested positive initially with a negative subsequent test, and 1 cat (1%) tested positive initially followed by a negative and then positive subsequent tests.
Ronidazole was reported to have been administered to 42 cats before repeat testing, with 23 (55%) of these cats having had a negative result both before and after treatment. Nineteen cats were positive on initial testing before receiving ronidazole. After treatment, 15 (79%) of these cats tested negative for T. foetus, whereas 4 (21%) remained positive. The mean intertest interval for these cats was 2.5 months (range 0.5-6.5 months). All 4 cats that remained positive, as well as 14 of the 15 of the cats with negative subsequent test results, were from multi-cat households.
| DISCUSSION
The overall prevalence of positive results of samples submitted for identified that cats less than or equal to 1 year of age were 2.1 times more likely to be infected with T. foetus. 23 In the present study, we divided this sample population into ages based on life stage, which might be more physiologically and socially pertinent. Following multiple logistic regression analysis, we did not observe a significant association between life stage and probability of a positive PCR test result for T. foetus infection. However, when age was evaluated as a continuous variable, a significant negative association was found between age and PCR positivity. This supports the general clinical impression that younger cats are more likely to be diagnosed with T. foetus infection, whereas older cats may be at less risk of infection.
Male cats are reported to be more likely to have positive PCR test results for T. foetus. [23] [24] [25] [26] By dividing these groupings further into sex and neuter status, and in consideration of other factors including age and breed, we did not observe a significant association between sex and probability of a positive PCR test result for T. foetus infection.
Odds ratios for diagnosis of T. foetus infection in purebred cats range from 26.3 25 to >999.9. 27 Siamese and Bengal breeds appear to be at a greater risk in the United Kingdom, 27 Norwegian Forest cats in Germany, 28 and Abyssinian, Bengal, and Siamese cats in the United
States. 3 Based on the results of a multiple regression analysis, only the Abyssinian breed was identified as having increased probability of a positive PCR test result for T. foetus infection in this study population. Breeds that were represented by fewer than 30 cats were not included in the analysis and therefore were not tested for an association. It is likely that differences in breed prevalence from country to country accounts for some variation in breeds observed to be at significantly increased odds of infection. In contrast to purebred cats, domestic cats were significantly less likely than other breeds to have a positive PCR test result. Contrary to several prior studies, 2,25,29 we did not identify a significant difference in odds of positive T. foetus PCR test results between cats living in a single-or multiple-cat household. The number of other cats in the household was not quantified and could therefore be a limiting factor in this analysis. One study has previously shown that cats sharing a house with more than 5 cats are 4.6 times more likely to be infected with T. foetus. 25 Results of this study identify that fecal samples collected by using a fecal loop were 2.04 times more likely to be associated with positive PCR test results for T. foetus compared to samples collected by using the colon flush technique. This finding challenges the assumption that colon flush is the best fecal collection technique, 7 and merits consideration for a specific prospective study to determine the impact of sample collection technique on fecal PCR test results for T. foetus.
Results of the present study cannot be interpreted as proving a causal association. However, it is compelling to speculate that the fecal loop could promote collection of samples from the surface of the colonic mucosa where the trichomonads are found to adhere to the mucus and epithelial lining. 30, 31 A variety of treatments were reportedly administered to cats before PCR testing for T. foetus. Many of these medications have already been shown to be ineffective for treatment of feline 18 Collectively, these studies are apt to underestimate the prevalence of ronidazole treatment failure because of small fecal sample sizes (eg, swab) and use of tests with lower sensitivity than PCR (wet mount or culture).
This study was necessarily limited in scope to information that could be obtained from data reported on a submission form created 8 years before conception of the study. Not all veterinarians answered each question and these findings are reliant on the completeness and accuracy of the information that was provided. Accordingly, data analysis was limited to only questions for which answers were recorded. It is also important to note that the questionnaire submitted with each fecal sample did not request specific information regarding previous treatments, such as recency of administration, 
